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(4) Probability of computer diagnosis is calculated by the
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endocytoscopy; EC-NBI, endocytoscopy with narrow-band imaging; NBI,REndoscopy established the Preservation and Incor-
poration of Valuable Endoscopic Innovations1 for diminu-
tive colorectal polyps. Preservation and Incorporation of
Valuable Endoscopic Innovations suggests that, if an endo-
scopist diagnoses an agreement of >90% in determining
postpolypectomy surveillance intervals and a negative pre-
dictive value of >90% with adenomatous histology, patho-
logic diagnosis might not be necessary. Although magnifying
chromoendoscopy,2 narrow-band imaging (NBI),3 endocy-
toscopy (EC),4 and confocal laser endomicroscopy5 are
highly accurate, interpretation of these modalities is difﬁcult
for novices. Furthermore, achieving a negative predictive
value of >90% for adenoma is not easy using these mo-
dalities3 and requires comprehensive experiments.6 To
achieve a breakthrough on this issue, we developed a
computer-aided diagnosis (CAD) system for EC. This system
automatically provides highly accurate diagnosis as expert
endoscopists concurrently take EC images (Video Clip 1).7
Our previous system, based on glandular structural and
cellular atypia, required endoscopists to use dye for stain-
ing. In contrast, the endocytoscopic vascular pattern can
effectively evaluate microvessel ﬁndings using EC with NBI
(EC-NBI) without using any dye. We reported that EC-NBI
has a highly accurate diagnostic ability, similar to other
modalities.8 Because dye staining complicates the proce-
dure, our CAD system for EC-NBI represents a powerful tool
for novices and experts who do not use dyes on a routine
basis. Therefore, we developed a tentative CAD system
model for EC-NBI image.narrow-band imaging; SSA/P, sessile serrated adenoma/polyp.
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Description of Technology
We developed custom software (EndoBRAIN, Cybernet
Systems Co., Ltd., Tokyo, Japan) to analyze EC images. Wecollected a consecutive series of 1079 EC-NBI images
(431 nonneoplasms and 648 neoplasms) from 85 lesions to
form an image database. To validate the CAD system, we
randomly extracted 100 images (50 nonneoplasms, 50
neoplasms) from the database. The remaining 979 images
(381 nonneoplasms, 598 neoplasms) were used for machine
learning. The inclusion criteria were colorectal lesions that
had been detected during colonoscopy using EC and sub-
sequently resected between December 2014 and April 2015.
The exclusion criteria were inﬂammatory bowel disease;
lesions for which no clear EC-NBI were available; sessile
serrated adenomas/polyps (SSA/Ps); and nonepithelialGastroenterology 2016;150:1531–1532
Table 1.Diagnostic accuracy for adenomatous lesions
Sensitivity Speciﬁcity Accuracy PPV NPV
Overall 84.5 (72.6–92.7) 97.6 (87.4–99.9) 90.0 (82.4–95.1) 98.0 (89.4–99.9) 82.0 (68.6–91.4)
High conﬁdence 97.6 (87.1–99.9) 95.8 (78.9–99.9) 96.9 (89.3–99.6) 97.6 (87.1–99.9) 95.8 (78.9–99.8)
NOTE. All values are percentages at the 95% conﬁdence interval (CI).
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SSA/Ps are neoplastic lesions, SSA/Ps were excluded. In this
study, neoplastic lesions include low- or high-grade ade-
noma and invasive cancer, whereas nonneoplastic lesions
include only hyperplastic polyps. The present study was
approved by the Ethics Committee of Showa University
Northern Yokohama Hospital (No. 1507–08), and was con-
ducted according to the Declaration of Helsinki. The algo-
rithm of our CAD system for EC-NBI has 3 phases: (1) image
processing and quantiﬁcation, (2) machine learning, and
(3) diagnosis output. Details of the algorithm and endo-
cytoscope are given in the supplementary information
(Supplementary Document).
Video Description
Video Clip 2 shows the clinical usage of our CAD system
for EC-NBI. The ﬁrst and second cases represent adeno-
matous lesions. The third and fourth lesions are hyper-
plastic polyps. When the endoscopist pushes a button on the
endoscope, the captured images are sent to a laptop com-
puter. The diagnosis (nonneoplastic or neoplastic) is output
within 0.3 second. Figure 1 shows a screenshot from our
CAD system.
To validate our system, 100 randomly extracted images
were analyzed by the CAD system ex vivo. Supplementary
Table 1 shows the clinicopathologic features of the pre-
sent study sample. In the present study, the CAD system
provided diagnosis for 100% (100/100) of the validation
samples with a diagnosis time of 0.3 second per image. The
sensitivity, speciﬁcity, accuracy, positive predictive value,
and negative predictive value for neoplasms are given in
Table 1. When the probability obtained by the support
vector machine classiﬁer was >90%, the output was
considered to be a “high-conﬁdence” diagnosis. High-
conﬁdence pathologic prediction was made in 65% (65/
100) of the subject images. When limited to high-conﬁdence
output, all diagnostic accuracies for neoplasms were >95%.
Furthermore, these validation samples included 3 intra-
mucosal cancers and 2 invasive cancers. The system diag-
nosed all these lesions as “neoplastic.” As for nonneoplasms,
diagnostic accuracies were also extremely high
(Supplementary Table 2). Additionally, for a sufﬁcient
number of images, our algorithm could be applied to other
organs (ie, esophagus and stomach). However, there are
some limitations of the present CAD system. It cannot di-
agnose cancers and SSA/Ps, because there are currently few1532EC-NBI images of invasive cancers and SSA/Ps for training.
If there were more suitable images, we could develop a
system that provides 4-class diagnosis (nonneoplastic, ad-
enoma, invasive cancer, SSA/P).Take Home Message
Our new CAD system provides fully automated computer
diagnosis without the need for any dye solution. Although
35% of the diagnoses were low conﬁdence, the CAD system
had an extremely high accuracy when applied to high-
conﬁdence diagnoses. Therefore, when there is high conﬁ-
dence regarding the diagnosis output, “diagnose-and-leave”
and “resect-and-discard” strategies could be adopted in
daily practice, even by novice endoscopists.Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://dx.doi.org/10.1053/
j.gastro.2016.04.004.References
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Supplementary Document
System Algorithm
In the ﬁrst phase, the extra space of the endocytoscopy
with narrow band imaging (EC-NBI) images is cropped, and
the images are transformed to grayscale. We analyze the
processed images by texture analysis, which can quantify
any image to multiple values. In the present study, we
extracted 288 values from each processed image. Further-
more, we succeeded in automatic vessel extraction. The
image processing was performed as follows: (1) The EC-NBI
image was converted to grayscale, and a noise reduction
procedure applied. (2) Two-step thresholding was adopted.
(3) Small areas were removed (Supplementary Figure 1).
The extracted vessels were analyzed, and the maximum
vessel diameter, ratio of the maximum and minimum vessel
diameters, and area of the vessel were automatically
calculated. The quantiﬁed data from 979 images were
analyzed using a support vector machine (SVM), which is
the most common classiﬁer in machine learning. The SVM
classiﬁer output a 2-class diagnosis (nonneoplastic or
neoplastic) as well as the conﬁdence of diagnosis.
Endocytoscope Information
The colonoscopic procedure was performed using a
video endoscopic system (Evis Lucera Elite; Olympus,
Tokyo, Japan) with an integrated-type EC (CF-Y0020-I,
prototype, Olympus). The CF-Y0020-I provides 380
magniﬁcation with a 50-mm focusing depth and a ﬁeld of
view of 700  600 mm.
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Supplementary Figure 1. Image processing.
Supplementary Table 1.Clinopathologic Features
Validation
Samples
Study
Samples
P
value
Male:female 20:13 34:29 .665a
Mean age ± SD (y) 63.8±12.0 64.2±9.9 .882b
No. of lesions 38 85 —
Mean size ± SD (mm) 8.6 ± 10.3 7.4 ± 7.9 .54b
Location 1.0a
Right colon 15 34
Left colon 10 25
Rectum 11 26
Macroscopic type .70a
Protruded 9 29
Flat elevated 26 53
Depressed 1 3
Pathologic diagnosis .29a
Nonneoplasms
Hyperplastic polyp 17 30
Neoplasms
Low-grade adenoma 14 47
High-grade adenoma 3 3
Invasive carcinoma 2 4
SD, standard deviation.
aFisher’s exact test was used.
bStudent’s t test was used.
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Supplementary Table 2.Diagnostic Accuracy for Adenomatous Lesions
Sensitivity Speciﬁcity Accuracy Positive Predictive Value Negative Predictive Value
Overall 84.5 (72.6–92.7) 97.6 (87.4–99.9) 90.0 (82.4–95.1) 98.0 (89.4–99.9) 82.0 (68.6–91.4)
High conﬁdence 97.6 (87.1–99.9) 95.8 (78.9–99.9) 96.9 (89.3–99.6) 97.6 (87.1–99.9) 95.8 (78.9–99.8)
NOTE. All values are percentages (95% conﬁdence interval).
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